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ABSTRACT 

We measure primordial alignments for the red galaxies in the sample of eight massive galaxy 
clusters in the southern sky from the CLASH-VLT Large Programme, at a median redshift 
of 0.375. We find primordial alignment with about 3<x significance in the four dynamically 
young clusters, but null detection of primordial alignment in the four highly relaxed clusters. 
The observed primordial alignment is not dominated by any single one of the four dynami¬ 
cally young clusters, and is primarily due to a population of bright galaxies ( M r < -20.5 m) 
residing in the region 300 - 810 kpc from the cluster centers. For the first time, we point out 
that the combination of radial alignment and halo alignment can cause fake primordial align¬ 
ment. Finally, we find that the detected alignment for the dynamically young clusters is real 
rather than fake primordial alignment. 
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1 INTRODUCTION 

Primordial alignment, also called direct alignment, is referred to as 
the alignment between the major axes of red galaxies and the axis 
of the central brightest cluster galaxy (BCG) or cD galaxy in a clus¬ 
ter of gala xies, and has be en used as a probe of the dynamical state 
of clusters dPlionis et al .20031). It has been found that the alignm ent 
is stronger for dynamic ally young clusters dPlionis & Basilakoa 
120021 : IPlionis et al.ll2Qo4 where galaxies still preserve the mem¬ 
ory of their infall history along the large-sc ale filam ent structure 
withi n which the protocluster is embedded l lWessonl 1984: West 
Il994l) . In highly relaxed clusters, where there has been sufficient 
time for the exchange of angular momentum of galaxies in mul¬ 
tiple galaxy encounters in the dense cluster environment dCouttsI 
11994 one should not expect to observe any signifi cant p rimor¬ 
d ial g alaxy alignment, even if they did originally exist dPlionis et al] 
120031) . Therefore the evolution of the alignment effect offers clues 
to its origin and dynamical state of a cluster, and can be possi¬ 
bly used to constrain gala xy formati on mode ls and their interaction 
with large-scale structure dHung et al.l2010l) . Primordial alignment 
is also an importa nt co ntamination in weak lensing measurements 
dHirata & Seliakl20o4 The ellipticity of a galaxy can be subject to 
physical effects that stretch it and orie nt it in preferential d irections 
with respect to large-scale structure dTroxel & Ishakll2014i) . which 
can mimic the coherent galaxy alignments of gravitational lensing. 

Observational efforts to detect primordial galaxy alignments 
in clusters or superclusters have not reached to a clear consensus. 
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iRood & Sastrvl d 1972h were the first to claim that satellite galax¬ 
ies in Abell 2199 tend to point in the direction of the major axis 
of BCG. Subsequently, primordial galax y alignment was found 
in more clusters, e.g., Abell 521 dPlionis et al.ll2003l). Abell 1689 
1 Hung et ai] |2010|). Coma 1 [Jjorgovski 1983 ; Kitzbichler & SaureJ 
120031). Virgo dWest & Blakesleeil2004 Abell 999 and Abell 2197 
dAdams et al .1 1 98(]l : lThomnsonll 197 4 and in some cluster samples 
(Yang et al. 2006 (0.01 < z < 0.2); Plionis et al. 1994, 2003 (z < 
0.15); West et al. 1995 ( z < 0.2); Agustsson & Brainerd 2006 (me¬ 
dian redshift z = 0.058); Faltenbacher et al. 2007 (0.01 < z < 0.2)). 
However, some other measurements have been consistent with ran¬ 
dom orientations of satellite galaxies in clusters (e.g., Hawley & 
Peebles 1975; Dekel 1985; van Kampen 1990; Godlowski & Os- 
trowski 1999; Strazzullo et al. 2005 (z < 0.27); Torlina et al. 2007; 
Trevese et al. 1992; Panko et al. 2009 (z < 0.18); Sifon et al. 2015 
(0.05 < z < 0.55)). On one hand, the primordial alignment is pri¬ 
marily found in the unrelaxed clusters (e.g., Coma, Simionescu et 
al. 2013, Sanders et al. 2013; Abell 1689, Kawaharada et al. 2010; 
Virgo, Urban et al. 2011; Abell 521, Ferrari et al. 2006, Mauro- 
gordato et al. 2000, Ferrari et al. 2003), which agrees with stronger 
alignment in dynamically young clusters. On the other hand, at 
high er redshifts, the primordial alignment is denied in many clus¬ 
ters dSifon et alJl2015l) other than Abell 521 (z ~ 0.25), which is 
unexpected since the fra ction of the dynamical l y young clusters 
at high redshifts is lar ger (WeiBmann etalJ|201C^ Mann & Ebelina 


12012 ; iMaughan et al.lT200a T Hashimoto et al. 20071) . according to 

the hierarchical clustering models of structure formation. 

To resolve the above conflict, in this work we reexam¬ 
ine the issue of isotropy in galaxy position angles in the clus- 
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ters located at the moderate redshifts about 0.4, where the frac¬ 
tion of the dynami cally young clusters containing rich substruc- 
tures is signific an t llWeifima nn et al.ll 2013l; IMa nn & Eb elindl2012l : 

urn 


iMaughan et al.l 1200 d ; Hashimoto et alj 2007 ; Bauer et alj|2005h . 

Therefore in these dynamically young clusters, the elliptical galax¬ 
ies may not have enough time to “forget” their primordial ori¬ 
entations from infall history and may show anisotropic distribu¬ 
tions of their position angles. We describe the data and analysis 
in Section 2. The results are reported in Section 3 and discussed 
in Section 4. In Section 5, we summarize the work. We adopt 
the WMAP7 cosmological parameters: Gm = 0.27, Ga = 0.73, 
H 0 = 71 km s _1 Mpc~', and h = 0.7. 


2 DATA AND ANALYSIS 
2.1 Cluster Sample 

The clusters of the Cluster Lensing And Supernova survey with 
Hubble (a VIMO S Large Programm e, or CLASH-VLT) project in 
the southern sky jRosati et al]|2014l : |Postman et alj|2012l ) are cho¬ 
sen to examine the primordial alignment of the elliptical galaxies 
in them. The range of redshif t of th e clu sters is z, ~ 0.2 - 0.6, with 
a median redshift z ~ 0.353 iRosati et al.ll2014i) . In order to inde¬ 
pendently examine the primordial alignments, the duplicate clus¬ 
ters (A209, A383, R1347.5) in the cluster samples of CLASH-VLT 
and ISifon et all J2015l> (no alignment was detected in their sam¬ 
ple) are abandoned. Additionally, BCGs in MACS 11311.0-0311 
and MS2137.3-2353 are nearly spherical; therefore the two clusters 
are also abandoned since their major axes of the BCGs cannot be 
identified accurately. Finally, eight clusters are left with a median 
redshift z ~ 0.375. 

Although these clusters are relaxed according to their X-ray 
surface brightness symmetry, some evidence of merging activity 
and substructures has been reported in these clusters; therefore 
for seve ral clu sters the dynamical state is somewhat ambiguous 
dPostman et al.ll20l^) . More precisely, the clusters are classified to 
be dynamically young clusters (Y) and relaxed clusters (R) respec¬ 
tively, according to the following fou r criteria. _ 

I) The morphological code dMann & Ebeling|l2012l) . The as¬ 
signed morphological codes (from apparently relaxed to extremely 
disturbed clusters) are labelled as “1” (pronounced cool core, 
perfect alignment of X-ray peak and single cD galaxy), “2” 
(good optical/X-ray alignment, concentric contours), “3” (non- 
concentric contours, obvious small-scale substructure), and “4” 
(poor optical/X-ray a lignment, multiple peaks, no cD galaxy) 
dSereno & Zitrinl 1201 2h . If the morphological code of a cluster is 
“3” or “4”, this cluster is considered dynamically young. However 
only the ongoing or recent merger along an axis sufficiently mis¬ 
aligned with our line of sight will have a code of “3” and “4” for 
the morphological code JMann & Ebeling||2012l) : therefore, a high 
value of morphological code (3 or 4) is a sufficient selecting cri¬ 
terion for a dynamically young cluster, but a low value of mor¬ 
phological code (1 or 2) may not indicate a relaxed cluster. With 
this criterion, MACS 10416-24, MACS 12129-07 are selected as 

dynamically young clusters. _ 

_II) The merging companion mass into BCGs (1 Burke et al.1 

120151) . BCGs grow by accreting their companions and produce the 
intracluster light; if a cluster is highly relaxed, we should expect it 
to be highly evolved, having already undergone the majority of their 
galaxy merging interactions and thus showing high-BCG masses, 
large intracluster light fractions and low-mass merging companions 


into BCG t lBurke et al.l2015l) . Unfortunately, the merging compan¬ 
ion masses of the eight clusters only distribute in a small range, as 
listed in Table [T| therefore the merging companion mass may not 
be a helpful criterion for classifying clusters in this work and thus 
not used here. 

III) The pr ojected offset between the X-ray emission pea k and 
optical centers dUmetsu et al.l 120141 : IMann & Ebeling|l2012l) . The 
spatial segregation of gas and galaxies in a cluster (X-ray/optical 
offset) constitutes powerful evidence of a recent or ongoing merger 
dSmith et al.ll2005l ; IShan et alj|2010h ; conversely, excellent align¬ 
ment of the BCG with the intracl uster g as dis tribution is typi¬ 
cal of a relaxed system ( iMann & Ebelinal2012l) . However view¬ 
ing angle and merger phase of a cluster may conspire to yield a 
small X-ray/o ptical sep aration even for a very disturbed system 
dMann & Ebelind[2012l) ; therefore, a high value for this diagnostic 
is a sufficient but not a necessary selection criterion for dynamically 
young clusters. In this work, we select the clusters with the offset 
distance larger than 10 kpc/fi as dynamically young clusters. With 
this criterion, MACS 10416-24, MACS J2129-07, and RXJ2248- 
4431 are selected as dynamically young clusters. 

IV) As long as any evidence of ongoing galaxy-scale in¬ 
teractions or substructures is found in a cluster, this cluster is 
classified as dynamically young. In MACS 11206-08, some evi¬ 
dence of merger activity along the line of sight is su ggested by 
the very high velocity dispersion dPostman et al.ll2012l) . and a sig¬ 
nificant amount of intracluster light, which is not centrally con¬ 
centrated, sug gests t hat galaxy-scale interactions are still ongoing 
dEichner et al II20 (31) . Therefore, MACS J1206-08 is indeed a dy¬ 
namically young cluster. Maughan et al. (2008) found RXJ2248.7- 
4431 to be slightly elliptical e = 0.2 ± 0.01 and with some level 
of substructure. Therefore RXI2248.7-4431 is more likely to be a 
dynamically young cluster. 

The values of the morphological codes, merging companion 
mass into BCGs, and X-ray/optical offsets, and some evidence 
which is useful for classifying the clusters, are listed in Table |T| 
The eight clusters are thus divided into two subsamples, four dy¬ 
namically young clusters in sample A (the median redshift z ~ 
0.418), and four relaxed clusters in sample B (the median redshift 
z~ 0.353). 


2.2 Data Analysis 


We retrieve HST (ACS/WFC) images (30-mas scale data) of these 
clusters in the F475W ( g ), F625W (r) and F814W (i) bands. The as¬ 
sociated images are fully processed and drizzled. For each cluster, 
photometry for those objects within its fi eld is carried out using 
the Sextractor package iBertin & Amouta 119961) . Further details 
about the photom etry a nd star/galaxy classification may be found in 
iLeauthaud et al.1 l l2007h . and we only summarize the most relevant 
points here. Sextractor is run twice, once with parameters appropri¬ 
ate to the detection and photometry of bright galaxies, without ex¬ 
cessively deblending the ir images, a nd then with parameters suited 


to faint galaxies (Huna_etjd 


rameters as in lLeauthaud et al 


2010). The same configuration pa- 
' J2007h are used. The magnitudes of 


the sources in the cluster are calibrated by the MAG_ZEROPOINT 
parameter in the AB system. The values of MAG_AUTO and 
MU.MAX of the extracted sources in the i band have been used t o 
get rid of stars with the same manner as in lLeauthaud et al] J2OO7I) . 
The arcs and arclets, the spurious objects, and the sources in the 
margins of images are all visually identified and removed. The op¬ 
tical magnitudes of targets are corrected for the foreground extinc¬ 
tion from the Galaxy according to the Schlegel-Finkbeiner-Davis 
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Clusters 

z 

Col. (1) 

Code 
Col. (2) 

M c 

Col. (3) 

Offset 
Col. (4) 

Type 
Col. (5) 

M0329 

0.451 

i 

0.79 

9.8 

R fl 

M0416 

0.396 

4 

1.5 

82.3 

Y “ 

M1115 

0.353 

1 

0.51 

9.5 

R" 

Ml 206 

0.440 

2 

1.1 

8.7 

Y b 

M1931 

0.352 

1 

- 

4.3 

R fl 

M2129 

0.588 

3 

1.74 

43.3 

yn 

R2129 

0.234 

2 

1.16 

6.3 

R c 

R2248 

0.346 

- 

1.31 

15.9 

yd 


Table 1. Information of the eight clusters. ” denotes no datum. Col. (1): 
Redshifts from Rosati et al. (2014); Col. (2): Morphological code from 
Mann & Ebeling (2012); Col. (3): Merging companion mass (xl0 n M o ) 
from Burke et al. (2015); Col. (4): Pr ojected offset (kpc /h) bet ween the X- 
ray and optical centers llJmctsLi et alJl201~4l : iMann & E beling 201 fj); Col. 
(5): “Y” for a dynamically young cluster, and "R” for a relaxed cluster. 

a. Identified by Mann & Ebeling (2012). 

b. MACS J1206.2-0847 appeal's relaxed in X-ray emission, bu t galaxy-scale 
interactions are still ongoin g despite the overall relaxed state lEich ner et alJ 
l2013tlPostman et all2012l) . 

c. RX J2129.6+0005 is a relaxed system confirmed by Wen & Han (2013). 

d. Maughan et al. (2008) found RXJ2248.7-4431 to be slightly elliptical 
e = 0.2 ± 0.01 and with some level of substructure. 

Galactic reddening map l lSchlaflv & Finkbeinerll20lll) . Finally, the 
derived source catalogs in the three bands are matched to obtain the 
true objects. 

These objects include both the foreground and b ackgr ound 
galaxies. In order to select the red sequence feower et alJ 1992a. bi) . 
we plot the g — r versus r color-magnitude diagram (CMD) for 
each cluster in Fig. [T] The red sequence is formed by old ellipti¬ 
cal galaxies whose spectra show similar 4000A breaks [] (a char¬ 
acteristic of old stellar populations ubiquitous in elliptical galax¬ 
ies; Pereira & Kuhn 20 05) re sulting from photospheric absorp¬ 
tions of heavy elements (IBower et al.ll 1992a, bl) . and the g and r 
broad-band filters nicely probe the spectral re gion acros s the 4000A 
break at the intermediate redshift z ~ 0.4 J Pres otto et al.l 120141) . 
Since the colors of elliptical galaxies are redder than spiral galaxies 
jBaldrv & Glazebrookft2005l) . and the Butcher-Oemler condition is 
satisfied, i.e., the blue ga laxies a re those at least 0.2 mag bluer than 
the cluster ridgeline dButcher & Oemlerll 19841) . a linear fitting, i.e., 

C g-r) = k-r + d , (1) 

where k, d are the slope and interce pt respectively, is app lied to 
obtain the slope of the red sequence (IBower et alJI 1992a. bh in the 
CMD, which is known as the collection of E/S0 galaxies and dwarf 
“ellipticals” l iHung et al.l2010h . Th e galaxies within the color range 
oig-r ~ k-r+d'Wl m are selected l iHung et al.l2010l). The faint end 
of the red sequences is set as M r — 51og/7 SC -19 iFaltenbacher et al J 
120071) . where M r is the absolute magnitude in the r-band. These 
selected elliptical galaxies (denoted by the dashed boxes in Fig. [TJ 
are then visually inspected in the images. 

As shown by iHolden et alJ l2009i ). it is necessary to under¬ 
stand the limits of our method, in order to obtain reliable measure¬ 
ments of the galaxy position angle. This is complicated and de¬ 
pends on the spatial resolution of the image, the p oint-spread func¬ 
tion (PSF) and the ellipticity of galaxies l iHung et al.ll2010l) . Fortu¬ 
nately, our method is the same as that used bv lHung et al .1 d2010l) . 

1 http://astronomy.nmsu.edu/nicole/teaching/ASTR505/lectures/lecture26/ 
slide01.html 
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Figure 1. CMDs of the eight clusters, g — r color is plotted against the r 
magnitude of the galaxies. The selected galaxies are denoted by the dashed 
boxes. 


and the method has been tested to be robust for the targets with 
e > 0.2 and i < 24 m. Therefore finally only the red galaxies satis¬ 
fying this criterion are selected. 

In order to quantitatively measure the orientations of the de¬ 
tected objects and test the primordial alignment in the two sam¬ 
ples of clusters, the position angles 9 of the elliptical galaxies, 
as denoted in the upper panel of Fig. [2] are calculated. First, we 
indentify B CG i n each cl uster according to their locations ob¬ 
tained bv lDonahue et al .1 d2015l) . Second, for each cluster, the ori¬ 
entations of major axes of the projected elliptical galaxies and 
BCG are characterized by the position parameter THETA_SKY de¬ 
rived from Sextractor. Finally, the position angle of an elliptical 
galaxy is defined as 9= |THETA_SKY C -THETA.SKY BC gI, where 
THETA_SKY C and THETA_SKYbcg are the position parameters of 
a projected elliptical galaxy and BCG, respectively. We use the av¬ 
erage THETA_SKY in the r and i bands to calculate 9, since r and 
i bands are more likely to reflect the stellar mass distribution in an 
elliptical galaxy. The range of 9 is from 0 to 90°. 

If the elliptical galaxies preserve the “infalling history”, the 
major axes of the projected elliptical galaxies tend to be paral¬ 
lel to the major axis of BCG of the host cluster and 0 —> 0, 
i.e., primordial alignment. It is worth noting that the tidal field 
of a clu ster can cause the elliptical galaxies i n a cluster radially 
aligned dCiotti & Duttall994l : lRong et al.1201^) . i.e., the angles be¬ 
tween the major axes of the elliptical galaxies and the radial di¬ 
rections (j> (denoted in the upper panel of Fig. |2j tend to be 0. 
If the galaxies in a cluster are distributed spherically symmet- 
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Figure 2. The upper panel: illustrations of the three angles 6, 0, and which 
are used to test for primordial alignment, radial alignment, and halo align¬ 
ment, respectively. The lower panel: illustration of fake primordial align¬ 
ment caused by the combination of halo alignment and radial alignment. 

ric, the radi al alignment cannot produce a primordial alignment 
dRong et al.ll2015h . However, if the galaxies are preferentially dis¬ 
tributed alo ng the major axis of BCG, which i s also called halo 
alignment dFaltenbacher et aD 1 20071 ; iBrainerdl 1 20051 ; lYang et all 
l200d:lAzzaro et al.l2007t) . i.e., the angles between the major axis of 
BCG and the radial directions of the elliptical galaxies £ (de noted 
in the upper panel of Fig. [2j tend to be small IFaltenbacher et al.l 
120070 . the radial alignments of the galaxies also cause the fake 
alignments between the major axes of the galaxies and BCG, and 
confuse us to identify the real primordial alignment. The fake pri¬ 
mordial alignment caused by the combination of radial alignment 
and halo alignment is illustrated in the lower panel of Fig. [2j if 
the galaxies are distributed along the filament (or the major axis of 
BCG), and meanwhile they orientate radially, then the position an¬ 
gles 8 are equivalent to f, and also tend to be small, i.e., producing a 
fake primordial alignment. The possibility of fake primordial align¬ 
ment should be ruled out before an alignment signal is identified to 
be a real primordial alignment. 


3 PRIMORDIAL ALIGNMENT 

The selected elliptical galaxies are distributed within 810 kpc 
from their cl uster centers. Arcseconds to ‘kpc’ are converted by 
Merten etafl d2014l ). 

By separating the range of 8 into 9 bins, we count the number 
of galaxies in each bin, and plot a histogram of the position angle 
distribution (PAD) for each sample of clusters. The left panel in 
Fig.[3]shows PADs of sample A (dynamically young clusters, sim¬ 
plified as Y), and sample B (relaxed clusters, simplified as R), re¬ 
spectively. In order to determine whether there is an alignment and 
its significance, the cumulative probability distribution of 8 (CPD) 


compared with a uniform distribution for each sample of clusters is 
plotted in the right panel of Fig. [3] and the Kolmogorov-Smirnov 
test (K-S test) is used to detect the deviation of PAD from a uniform 
distribution. For each sample, the p value returned by the K-S test 
is indicated in Fig. [3] as well as the angle of the maximum devia¬ 
tion fr om the cumulative distribution functi on of a uniform distri¬ 
bution jTorlina et alj2007l : lHung et al.l2010l) . A lower p value indi¬ 
cates greater deviation from a uniform distribution and may imply 
a greater alignment if there is an excess of the number of galaxies 
around 8 = 0 compared with the other bins. We find that PAD of 
sample A is inconsistent with a uniform distribution (p = 0.082) 
and manifest a weak alignment (an excess within 8 = 0- 20°), 
while PAD for sample B is more likely to be uniform (p = 0.432). 
The results indicate that there is an about 1.5 cr detection of align¬ 
ment in sample A (Y). while no significant deviation from isotropy 
in sample B (R). 

For sample A (Y), we are also interested in where the aligned 
galaxies are distributed in the clusters. Therefore we plot PADs for 
regions within 0-300 kpc (projected) from the cluster centers, 300- 
- 500 kpc, and > 500 kpc in the left panel of Fig. [4] Likewise, the 
results of the K-S test for the three regions are shown in the right 
panel of Fig. [4] We find that there are relatively significant align¬ 
ments in the median (p = 0.230, an excess of number of galaxies 
around within 8 = 0- 20°) and outer (p = 0.134, small excess 
within 8 = 0- 20° are found when we combine the nine bins into 
five bins) regions, but null detection of alignment in the innermost 
(0 - 300 kpc, p = 0.710) region. Therefore the alignment signal 
decreases toward the cluster centers. 

In order to test whether the alignments in sample A are pri¬ 
mordial or fake, we also examine the radial angle 0 distribution 
(RAD), where <f> = 0 when the major axis of a galaxy points to 
the cluster center, and 0 = 90° when the major axis points to the 
tangential directions. For sample A, RAD of the galaxies in the 
whole region and K-S test are plotted in the top panel of Fig. [5] 
Analogously, RAD and K-S test for the galaxies within the regions 
300 - 500 kpc and > 500 kpc are shown in the middle and bottom 
panels of Fig. [5] respectively. Null detection of radial alignment is 
found in any of the three regions, since the probabilities that the ra¬ 
dial angles reject the hypothesis of a uniform distribution are only 
13.0% (whole region, p = 0.870), 18.6% (300 - 500 kpc region, 
p = 0.814), and 16.4% (> 500 kpc region, p = 0.836), respectively. 
Therefore, if we assume that the detected primordial alignments for 
sample A in the three regions are fake, then the probabilities that 
the position angles reject the hypothesis of a uniform distribution 
should be no more than 13.0% for the whole region, 18.6% for the 
300 - 500 kpc region, and 16.4% for the > 500 kpc region, respec¬ 
tively; this clearly contradicts the K-S test results of 91.8% for the 
whole region, 77.0% for the 300 - 500 kpc region, and 86.6% for 
the > 500 kpc region. Therefore the detected alignments of 8 can¬ 
not be caused or dominated by the combination of radial alignment 
and halo alignment, and thus are real primordial alignments. 

We then study which galaxies are responsible for the observed 
primordial alignment in sample A. In Fig. [6] we plot the histograms 
of PADs and K-S tests for the bright (M r < -20.5 m) and faint 
(M, > -20.5 m) galaxies, respectively. The bright galaxies show 
a significant (p = 0.004, about 3cr) alignment, with a significant 
excess of number of galaxies around 8 = 0. However PAD of the 
faint galaxies follows a uniform distribution (p = 0.358), implying 
that there is no alignment of the faint red galaxies in sample A. 

Analogously, we plot RAD and the K-S test for the bright 
and faint galaxies of sample A in Fig. [7] and find no signal of ra¬ 
dial alignment for either the bright (p = 0.942) or faint galaxies 
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Figure 3. The left panel shows PADs of the elliptical galaxies for the two samples of clusters, respectively. Hereafter the error bars assume Poisson statistics. 
The right panel shows CPDs (histograms) compared with the cumulative distribution function of a uniform distribution (dotted lines) for the two samples of 
clusters, respectively. The angles of the maximum deviations are denoted by dashed vertical lines. 


(p = 0.633). Finally, we conclude that the measured primordial 
alignment in sample A is due to a population of bright galaxies re¬ 
siding mainly in the region 300 - 810 kpc away from the cluster 
centers. 

Finally, we try to test whether the detected primordial align¬ 
ment signal, in particular the most significant alignment signal for 
bright elliptical galaxies, is dominated by any single one of the 
four dynamically young clusters. In each test, we exclude one clus¬ 
ter from sample A, and test the alignment of bright galaxies in 
the other three clusters. PADs of the bright elliptical galaxies in 
the other clusters are shown in Fig. [8] and the p values from K- 
S test are p = 0.003 (excluding M0416), p = 0.010 (excluding 
M1206), p = 0.004 (excluding M2129), and p = 0.037 (excluding 
R2248). The significance changes only between 96.3% and 99.7% 
(2<x - 3cr); therefore the primordial alignment signal is not domi¬ 
nated by any single one of the four dynamically young clusters. 


4 DISCUSSION 

Recently, iGirardi el ahj <20151) found evidence of MACS J1206.2- 
0847 having WNW-ESE elongation as the direction of the main 
cluster accretion, traced by passive galaxies and red strong H(5 ab¬ 
sorption galaxies. Therefore the red galaxies should be distributed 
along the direction of the main cluster accretion, and “preserve” the 
memory of the infall history, i.e., their major ax es sho uld be al igned 
with the direction of the main cluster accretion dWessonl 1984i : IWestl 
119941) . This agrees with the measured primordial alignment in the 
four dynamically young clusters including MACS J 1206.2-0847. 


IPlionis & Basilakosl d2002h reported that dynamically young 
clusters are more likely aligned with their nearest neighbors and in 
gen eral w ith the nearby clusters that belong to the same superclus¬ 
ter. [WesTer^ (HHb found that the substructures (in X-ray band, 
suggesting that they may be dynamically young) in 43 clusters of 
galaxies (z < 0.2) show a tendency to be aligned with the orienta¬ 
tions of the major axes of their parent clusters. They are strong indi¬ 
cations that clusters develop in a hierarchical fashion by anisotropic 
merging along the large-scale filaments within which they are em¬ 
bedded. In this work, we further find that the red galaxies are more 
likely aligned with the major axes of BCGs in the four dynami¬ 
cally young clusters at the intermediate redshifts (z ~ 0.4). Since 
the major axis of a BCG strongly coincides with the orientation 
of its parent cluster and the orientation of the nearby large-scal e 
filamentary structure ( iWestll994i jFuller et aDll999i:lstrubia[l990l) . 
therefore the primordial alignments also agree with the hierarchical 
models of structure formation. The observed primordial alignment 
conflicts with the result by ISifon et akl <20151) . where null detec¬ 
tion of primordial alignment was found in the galaxy clusters at 
the redshifts 0.05 < z < 0.55. It is possibly due to the contami¬ 
nation introduced by the relaxed clusters which were not removed 
from their sample, since the isotropic orientations of the galaxies 
in those relaxed clusters dilute the possible primordial alignment in 
the dynamically young clusters. 

In the four relaxed clusters, null detection of primordial align¬ 
ment is found in this paper, since there has been sufficient time to 
damp the primordial alignments by vio lent relaxati on JCouttsI 19961) 
or by tidal torquing of clusters J Pereira et all2008l) . 

The relatively significant (about 3cr) primordial alignment of 
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Figure 4. The left panel: PADs of sample A clusters for three regions. The right panel: CPDs (histograms) compared with the cumulative distribution function 
of a uniform distribution (dotted lines) for sample A clusters. The angles of the maximum deviations are denoted by dashed vertical lines. From the upper 
panel to the lower panel, the galaxies are distributed within 0 — 300 kpc, 300 - 500 kpc, and > 500 kpc. The dashed histogram shows PAD when we combine 
the nine bins into five bins. 


the bright elliptical galaxies in the sample of d ynamically young 
cluste rs agrees wit h the observ ations in Virgo dWest & Blakesle j 
|2000[) a nd Coma dWestl 119981) . as expected in the tidal model 
llPereira et al .11200x1) . For brighter galaxies, the change in position 
angl e would take place s lowly by tidal tor quing, over multiple or¬ 
bits dPereira et al.ll2008l : I HLing et al.ll20ld) . Therefore the primor¬ 
dial directions of the bright galaxies from the infall history tWessonl 
11984 IWestll 1994) are preserved. On the other hand, null detection 
of alignment is found for the faint galaxies, since the primordial po¬ 
sition angles of the faint galaxies will be more strongly affected by 
the tidal fields of the clusters and would be disrupted more rapidly, 
but the clusters have not been sufficiently relaxed so that the tidal 
fields do not have enough time to create new radial alignments 
dTorlina et Id1l2007t) . 

The null detection of primordial alignment in the innermost 
region for the dynamically young clusters may be also resulted 


from the effect of tidal fields of the clusters. In the 0 - 300 kpc 
region, the original position an gles of g alax ies ar e more strongly 
affected by the tidal torquing JPereira et al.1120081) and disrupted. 
In the median (300 - 500 kpc) and outer (500 - 810 kpc) regions, 
their primordial alignments are less affected. Note that the so-called 
“outer” region 500 - 810 kpc in this work is still an inner region of 
the CLASH clusters, co mpared with the virial radii of the cluster s 
r v jj - (1.5 - 2) Mpc h 1 dMerten et al.ll2014l : IUmetsu et al.ll2014l) . 
Therefore the number of the bright elliptical galaxies, which per¬ 
haps are the major sources of alignments (because the alignment 
signal of the bright red galaxies is the most significant), does not 
evidently decrease from the 300 - 500 kpc region to 500 - 810 kpc 
region. In the four dynamically young clusters, there are 42 bright 
(M r < -20.5m) and 29 faint (M r > -20.5m) elliptical galaxies 
in the 300 - 500 kpc region, and 42 bright and 28 faint elliptical 
galaxies in the 500 - 810 kpc region, respectively. 
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Figure 5. RADs and K-S tests for the selected red galaxies in sample A distributed in the whole region (top panel), 300 - 500 kpc region (middle panel), and 
> 500 kpc region, respectively. 


For the first time, we point out that the combination of ra¬ 
dial alignment and halo alignment can cause fake primordial align¬ 
ment. Therefore previous work of reporting the detections of direct 
alignments should be carefully reexamined to distinguish the pri¬ 
mordial alignment from the fake alignment, since the former is re¬ 
sulted from the infalling history of galaxies whereas the latter also 
depends on the tidal torsion by the tidal fields of clusters. Partic¬ 
ularly the fake alignment should be checked in the clusters where 
both the direct alignment and halo alignment are d etec ted or in the 
elongated clusters, for instanc e, Abell 219 9 jRood & Sastrvlll972l) . 
Abell 521 i Plionis et al .1120031) . and Coma dSchinper & Kind 19781 : 
|Piorgovskill983l). 


The detected signals of primordial alignment are not very 
strong (about 3cr) in this work. However, the signals of alignments 
are so difficult to be identified that their significance is ofte n not 
high; for instance, the significa nce is about 9 5.4% in lHung et al.l 
j2Q10h . lower than 93.2% in lAdams et~a 1. Jl980h . about 95% 


in IStrom & Stroml dl978h . l ower than 93% in IWest & Blakesleel 
J2000h . and about 99.4% in lAgustsson & Brainerd 1 20061) . since 
the tidal fields of clusters would disrupt the originally significant 
alig nme nts of the galaxies. 


Plionis et al. 


■ galaxies. 

.11 *2003) poi 


pointed out that although telescope track¬ 
ing problems can introduce artificial galaxy-galaxy alignments, 
they cannot create a fake alignment between galaxies and their par¬ 
ent cluster orientation (i.e., the major axis of BCG or cD galaxy), 
and thus do not affect the measurement of primordial alignment. 


5 SUMMARY 

We examined the issue of isotropy in the position angles of ellipti¬ 
cal galaxies in the eight clusters in the southern sky from CLASH- 
VLT Large Programme, at a median redshift of 0.375. The eight 
clusters are divided into two samples, dynamically young clusters 
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Figure 8. PADs for the bright galaxies in the remanent three clusters. 


and relaxed clusters, and the distributions and cumulative probabil¬ 
ity distributions of position angles for the two samples are shown. 
The K-S test is used to detect whether there is a significant devia¬ 
tion from a uniform distribution for the position angles of galaxies 
in the two samples. For a signal that significantly deviates from 
a uniform distribution, we study whether there is an excess of 
number of galaxies around 8 = 0 to determine whether the sig¬ 
nal manifests an alignment. For the dynamically young clusters, 
we also studied the significance of primordial alignments in the in¬ 
nermost region (0-300 kpc), the median region (300-500 kpc), and 
the outer region (> 500 kpc), and for the bright ( M r < -20.5 m) 
and faint (M r > -20.5 m) galaxies, respectively. For the first time, 
we pointed out that the combination of radial alignment and halo 
alignment can cause a fake primordial alignment. Therefore we 
also tested whether there are radial alignments for the dynami¬ 
cally young clusters. Finally, in order to test whether the primor¬ 
dial alignment is dominated by any single one of the four dynam¬ 
ically young clusters, we exclude one cluster every time, and test 
the alignment signals for the other three clusters. Our main results 
are as follows: 

1. The elliptical galaxies in the four dynamically young clus¬ 
ters are more likely aligned with the major axes of BCGs (p = 
0.082), and null detection of primordial alignment is found in the 
four relaxed clusters (p = 0.432). 

2. For the dynamically young clusters, we found that there are 
relatively significant alignments in the 300-500 kpc (p = 0.230) 
and 500-810 kpc (p = 0.134) regions, but null detection of align¬ 
ment in the innermost (0-300 kpc, p = 0.710) region. 

3. The detected alignments for the four dynamically young 
clusters (in the whole, 300-500 kpc and 500-810 kpc regions) are 
primordial rather than fake alignments, since the radial angles in 


the three regions are more likely to follow a uniform distribution 
(p = 0.870 for the whole region, p = 0.814 for the 300-500 kpc 
region, and p = 0.836 for the 500-810 kpc region). 

4. The most significant {p = 0.004) primordial alignment is 
found for the bright galaxies, whereas null detection of primordial 
alignment is found for the faint galaxies (p = 0.358). 

5. The detected primordial alignment exists in all the four dy¬ 
namically young clusters ,i.e., not dominated by any single cluster. 

Finally, we conclude that the measured primordial alignment, 
which exists in every cluster of the four dynamically young clus¬ 
ters, is due to a population of bright elliptical galaxies residing 
mainly in the region 300 - 810 kpc away from the cluster centers. 
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